ABSTRACT -Background -It is well known the association between gastroesophageal reflux disease and asthma. The hyperreactivity of the airways is a characteristic of an asthmatic. Many studies associate the increase of the airways reactivity with gastroesophageal reflux disease. Aim -In this study we have evaluated the effect of the intraluminal exposition to gastric juice of trachea on the reactivity to methacholine from rats submitted to a pulmonary allergic inflammation. Methods -Group of rats were sensitized and challenged with ovalbumin. After 24 hours the animals were sacrificed, and their tracheae were removed to be cultured with gastric juice. The gastric juice was obtained from a donor rat. Subsequently the segments were placed into plastic plates with RPMI-1640 for incubation, under suitable atmosphere and time.
INTRODUCTION
Compelling evidence suggests a putative interaction between gastroesophageal reflux disease (GERD) and airways dysfunction (3, 9, 27) . A high prevalence of GERD (around 80%) is found in asthmatic patients (29) . Generally the worsening of asthma is associated to the presence of GERD. It is characterized by hoarseness, chronic cough, high ventilation and laryngospasm. In addition a vagal reflex or its functional exacerbation are observed after gastric content microaspiration into the airways (1, 8, 14, 28) . Microaspiration in asthmathic subjects might occur due to an abnormal function of the lower esophageal sphincter as a consequence of bronchodilator therapy (18, 29) . Indeed studies indicate that esophageal tonus is reduced by β-adrenergic agonists. These drugs facilitate the events of microaspiration (19, 22) . Cholinergic innervation and the non-adrenergic non-cholinergic system (NANC system) are the major components of airway tonus (7, 12) . In fact a number of studies recognizes the role of acethylcholine as well as the neuropeptides and nitric oxide (NO). They are modulators of airway reactivity in experimental asthma model (5, 16) . The involvement of cholinergic and NANC system is not yet fully understood in the interaction between airways allergic diseases and GERD (1) . One of the major cells involved in the allergic inflammation are the mast cells. Once activated release a number of mediators (11) , and after esophageal acidification the number of these cells has been reported to reduce (2) . The aspiration of gastric content, as observed in GERD, is a potential factor for mast cell activation, with possible changes in airways reactivity. In the present study we have examined the effects of the contact of the airways with gastric juice (GJ) on the reactivity of isolated trachea from rats submitted to pulmonary allergic inflammation.
Gastric juice collection
Briefly under anesthesia the stomach of the rat was localized through laparotomy. In order to avoid the transit of gastric content the pilore was occluded using suture nylon 4.0. Thereafter the organ was replaced into the peritoneal cavity. Elapsed 2 hours the rats were killed by deep anesthesia and the stomach was removed and placed in a Petri's dish. After a small incision the lumen of stomach was exposed and the GJ was collected using a plastic syringe (5 mL). The volume of GJ collected (± 3 mL) was centrifuged at 1500 rpm during 15 min and the pH determined using a phMeter measured (26) .
Sensitization and in vivo antigen challenge
Groups of rats were sensitized by intra-peritoned (IP) injection of a suspension of 10 μg of ovalbumin (OVA) with 10 mg of aluminum hydroxide (day 0). One week later (day 7) the rats were boosted subcutaneously with 10 μg of OVA dissolved in saline and thereof labeled as "allergic". At day 14 rats were subjected to a single exposure of aerosolized OVA (1% in PBS solution) for 15 min using an ultrasonic nebulizer device (Icel  , São Paulo, Brazil) coupled to a plastic inhalation chamber (18.5 cm x 18.5 cm x 13.5 cm). According to the manufacturers the nebulizer produces aerosol particles with a mean size of 0.5-1.0 μm. The experiments were performed 1 day after antigen challenge and the animals were exsanguinated under deep chloral hydrate anesthesia (400 mg/kg, IP) by sectioning the abdominal aorta.
Intraluminal exposure of tracheal segments with gastric juice
Tracheal segments of killed rats were isolated 1 day after antigen challenge. The thorax was opened and the trachea was removed into Petri's dish containing Krebs-Henseileit solution. The tracheal segments were clean up of adjacent connective tissue and filled with 20 μL of GJ (pH = 1-2). As control tracheal segments were filled with similar volume of saline solution (0,9%). In order to avoid the leak of the filled material, the anterior and posterior end of the segments were tightly closed using a nylon suture 4.0. Tracheal segments filled with GJ were added in the 24-wells plastic plates containing 1,5 mL of RPMI-1640 and maintained during 3 h in 5% CO 2 / 95% O 2 atmosphere (37°C).
In vitro study of airways reactivity
After the incubation period the tracheae segments were removed from the plates and introduced into isolated organ chambers containing Krebs-Henseleit solution with 95% O 2 and 5% CO 2 at 37°C to evaluate isometrically the responses to methacholine. Cumulative concentration-effect curves to methacholine were done, using a data register system (MacLab), and acquisition, stockage and data were analysed (software MLS301). All the Emax were expressed as g/100 mg weight.
Pharmacological treatments
The animals were submitted to pharmacological treatments to assess the role of specific drugs acting on the reactivity of tracheal segments.
Mast cells blockade. At the 10th day of sensitization, groups of rats received, for 5 days, IP injection in increasing doses (1-5 mg/kg) of compound 48/80 (25) . This compound acts selectively on connective tissue mast cells.
Another group of rats was treated with the mast cell stabilizer sodium cromoglycate by aerosol during 5 consecutive days (2.5 mg/mL for 15 minutes).
Nitric oxide inhibitor. We treated groups of animals with L-NAME (30 mg/kg, IV, Sigma), 30 minutes before the antigen challenge.
Arachidonic acid metabolite inhibitor. Rats were treated with indomethacin (4 mg/kg, IV, Sigma), 30 minutes before the antigen challenge to investigate the role of cyclooxygenasederived mediators.
Neuropeptides depletion. Rats were treated with capsaicin (20+30+50 mg/kg, s.c.) during 3 days (6) . After 14 days, the experiments were conduced.
Statistical analysis
The data were analyzed by one-way analysis of variance (ANOVA) followed by Student t test for non parametric samples, using GraphPad Software V.2.01, GraphPad Instat-tm (1990 Instat-tm ( -1993 . The results were expressed as medium ± SEM from 5 to 8 animals (P<0.05 were considered statistically significant).
RESULTS

Reactivity to methacholine
The analysis of the reactivity to methacholine of tracheal tissues submitted to GJ during 3 hours collected from allergic rats (OVA/OVA + GJ group) is the object of our study.
Taking this into account tracheal segments cultured with GJ from allergic rats developed a significant hyporesponsiveness to methacholine (Emax = 10.50 ± 1.20, OVA/OVA + GJ group) when compared to reactivity of tracheal segments of allergic rats non subjected to contact with GJ (Emax = 16.30 ± 0.80, OVA/OVA group-control) ( Figure 1 ).
Similarly tracheal segments from rats of the naïve group (Emax = 14.70 ± 0.60, non manipulated group) did not show differences on the reactivity to methacholine in comparison to the OVA/OVA + GJ group. The same situation was observed in the reactivity of tracheae from the group exposed only to GJ, non allergic (Emax = 14.31 ± 1.53, GJ group) when compared to the OVA/OVA + GJ group (Figure 1 ). This experiment was carried on to assess the role of GJ itself. Both of the groups, naïve and GJ, have worked as control. v. 45 -no.3 -jul./set. 2008 
Pharmacological treatments
Considering the hyporesponsiveness of the tissue we have described the action of each drug on the reversion of this diminished reactivity to methacholine. All of these treatments were conduced in animals submitted to a pulmonary allergic inflammation, that is, the rats were allergic. Figure 2 shows the reactivity to methacholine of tracheal segments of allergic rats previously treated with indomethacin (4 mg/kg, intravenous (IV)) and exposed to GJ during 3 hours (GJ + indomethacin group). This treatment significantly increased the tracheal reactivity to methacholine (Emax = 14.50 ± 1.42) relative to trachea from allergic rats exposed to GJ but non treated with indomethacin (Emax = 9.91 ± 1.03, OVA/OVA + GJ group).
L-NAME treatment of allergic rats (Emax = 19.62 ± 1.61, GJ + L-NAME group) reverted the hyporesponsiveness to methacholine of tracheal segments exposed to GJ when compared to allergic rats non treated (Emax = 10.60 ± 0.80, OVA/OVA + GJ group) (Figure 3 ).
Tracheal segments of allergic rat treated in vivo with capsaicin were cultured with GJ (GJ + capsaicin group). The contractile response to methacholine were not affected (Emax = 9.12 ± 0.68) when compared to the reactivity of tracheae from non treated but allergic rat (Emax = 9.96 ± 0.37, OVA/OVA + GJ group) (Figure 4) .
Finally the interaction of mast cells and GJ on tracheal reactivity was also evaluated. Groups of allergic rats were treated with FIGURE 1. Concentration-effect curves of proximal trachea from allergic and non-allergic rats intraluminally exposed to GJ. The trachea of the animals (OVA/OVA+GJ or GJ groups) were submitted to the intraluminal exposition to GJ. A group was sensitized and challenged with ovalbumin (OVA/OVA). The naïve group represents rats which were sacrificed and their tracheae were submitted to the analysis of the contractile response. Crescent concentrations of methacholine expressed in molar were used. The data were expressed as the mean ± SEM of six-eight animals. *P<0.05 compared with GJ, naïve and OVA/OVA groups Tension (g) FIGURE 3. Concentration-effect curves of proximal trachea from allergic rats treated with L-NAME. The animals were submitted to the treatment with L-NAME and their tracheae exposed intraluminally to GJ. A control group was sensitized and challenged with ovalbumin and its trachea incubated with GJ. Crescent concentrations of methacholine expressed in molar were used. The data were expressed as the mean ± SEM of six-eight animals. *P<0.05 compared with GJ group (Figure 6 ). At Figure 5 tracheal segments of compound 48/80-treated from allergic rats when cultured with GJ have showed a significant increase of the contractile response (Emax = 17.15 ± 1.44, GJ + C48/80 group) as compared with the respective control group of allergic rats non treated (Emax = 11.00 ± 0.87, OVA/OVA + GJ group). Similar results were observed in the contractile response of tracheae from allergic rats pre-treated with sodium cromoglicate (Emax = 14.64 ± 1.26, GJ + cromoglicate group) when compared to the responses from segments submitted to GJ exposition from allergic rats cromoglicate-free (Emax = 9.90 ± 1.05, OVA/OVA + GJ group) (Figure 6 ).
DISCUSSION
We had developed herein an experimental model which mimicked the in vivo effects of the airways reactivity on asthma after their exposition to gastric content in events of GERD or microaspiration. The incubation with GJ is due to the existence of other components besides chloridric acid. The use of this substance ordinary occurs in in vivo studies (20, 34) . Our data have showed that the intraluminal exposition with GJ of trachea segments from allergic rats caused in vitro hyporesponsiveness of the tissue to a cholinergic stimulus (Figure 1) .
GJ acts as an irritant of the airways. Indeed the initial expectance was that GJ would increase the contractile response to methacholine of trachea from allergic rats. The augment of the reactivity is a resulting from the vagal reflex response FIGURE 4. Concentration-effect curves of proximal trachea from allergic rats treated with capsaicin. The animals were submitted to the treatment with capsaicin and their tracheae exposed intraluminally to GJ. A control group was sensitized and challenged with ovalbumin and its trachea incubated with GJ. Crescent concentrations of methacholine expressed in molar were used. The data were expressed as the mean ± SEM of seven animals. *P<0.05 compared with GJ group . Concentration-effect curves of proximal trachea from allergic rats treated with compound 48/80. The animals were submitted to the treatment with compound 48/80 and their tracheae exposed intraluminally to GJ. A control group was sensitized and challenged with ovalbumin and its trachea incubated with GJ. Crescent concentrations of methacholine expressed in molar were used. The data were expressed as the mean ± SEM of five-seven animals. *P<0.05 compared with GJ group FIGURE 6. Concentration-effect curves of proximal trachea from allergic rats treated with sodium cromoglicate. The animals were submitted to the treatment with cromoglicate and their tracheae exposed intraluminally to GJ. A control group was sensitized and challenged with ovalbumin and its trachea incubated with GJ. Crescent concentrations of methacholine expressed in molar were used. The data were expressed as the mean ± SEM of five-seven animals. *P<0.05 compared with GJ group Tension (g) generated by the esophagus after its exposition to acid (13, 30) . The local release of neuropeptides due to the acidification of the airways also affects the bronchial smooth muscle through the generation of bronchoconstriction and hyperreactivity (17, v. 45 -no.3 -jul./set. 2008 30) . Taking these aspects into account our studies in vitro have additional significance. It is acceptable to suppose that mediators may be implicated in the control of the trachea reactivity after bronchoprovocation and contact with GJ, once the allergic reaction is a multimediated process.
The reduced reactivity might involve the NANC system as the potential modulator of the contractile response when the airways were exposed to GJ. This system releases the neuropeptides neurokinin A, substance P, VIP (7, 12, 15, 17) as well as NO (10, 15) . It has two functional components, the inhibitory NANC (bronchodilation) and the excitatory NANC (bronchoconstriction). Even though this system participates in the mechanisms which account for hyperreactivity on asthma (5) , the participation of NANC in the modulation of the reactivity of the airways in the presence of GERD might protect the airways against the bronchoconstriction. In this way we have observed that the treatment with capsaicin, a drug that depletes neuropeptides in sensory nerve endings (6) , did not change the reactivity of trachea from allergic rats ( Figure  4) . A possible interpretation of these data is that in experimental conditions, which lead to the reduction of substance P, there was a decrease in the contractile response despite the stimuli of NANC by GJ. We suggest that in trachea cultured with GJ from capsaicin-treated rats occurs the release of some relaxing factor responsible for the relaxation of the smooth muscle which modulates the effects of methacholine, that is, GJ exerts direct activation on NANC system, releasing neuropeptides. Moreover GJ can active directly the mast cells, and they active NANC (33) . Interestingly the treatment with NO synthesis inhibitor, L-NAME (non-specific inhibitor), have enhanced the contractile response to methacholine (Figure 3) . It is well known that NO exerts potent relaxing effects in the airways (4, 21) . We suggest that the allergic stimuli associated to GJ exposure induces NO generation through the NANC pathway. There are important effects of GJ on mast cells as well. These cells could stimulate the NANC system once they were activated because of the allergic stimuli in addition to the action of GJ. It cooperates for higher expression of the inhibitory NANC system.
Alternatively there are potential candidates to the modulation of the relaxation of the airways smooth muscle, apart from NO and VIP. Prostanoids are also considered relaxing mediators of the airways. In fact PGE 2 is an important mediator of the relaxing contractile response of the airways (23) . Furthermore its involvement with NANC has also been reported (32) . We have found an increase in the contractile response of trachea when we treated immunized and challenged animals with indomethacin (inhibitor of ciclooxigenase, Figure 2 ). Under cyclooxigenase blockade the incubation of the tissues with GJ have released substance P (responsible for the contractile effects on airways smooth muscle) but not relaxing prostanoids. This is reasonable once there is a correlation between the effects of capsaicin and the release of PGE 2 (31) . According to studies that have been conduced in intrapulmonary bronchi of rats the activation of C fibers leads to the release of substance P. This substance activates the NK 1 receptors on airways epithelium and causes subsequent generation of inhibitory prostanoids. The relaxing of the muscle would be one of the results (21, 32) . Lastly it is important to consider that mast cells play an important role in the modulation of the effects of GJ in asthmatic patients and GERD subjects once these cells release NO and neuropeptides -NO and substance P act through an autocrine pathway inside these cells (33) . Taking it into account we have observed a reversion of the hyporesponsiveness in the treatment of allergic rats with compound 48/80 ( Figure 5 ). This compound exhausts connective mast cells. It is possible that the antigen (ovalbumin) have not found activated mast cells in a sufficient number and the lumen of the trachea have been stimulated only by GJ. Indeed studies that have been conduced by BARCLAY et al. (2) indicated that the acidification of esophagus degranulates mast cells. Similarly the treatment with sodium cromoglicate reversed the diminished reactivity of trachea ( Figure 6 ). This drug stabilizes the mast cells membrane by blocking the degranulation of connective mast cells (24) . Thus we infer that GJ associated to inflammation produces mediators responsible for the relaxing of trachea muscle.
This in vitro study indicates a complex interaction between inflammation and GJ in the airways. The action of mast cells, NANC system, NO and prostanoids represent this interaction. Altogether our results suggest that the reduced contractile response that has been detected in this study may represent a protective mechanism of the airways. Even though present this hyporesponsiveness is not observed in vivo due to the prominent effects of the excitatory NANC system. Kanikadan PYS, Sertié JAA, Oliveira-Filho RM, Lima WT. Mecanismos protetores: doença do refluxo gastroesofágico e asma. Estudo experimental em ratos.
Arq Gastroenterol. 2008; 45(3) :243-8. RESUMO -Racional -É bem estabelecida a relação entre a doença do refluxo gastroesofágico e a asma. A hiperreatividade das vias aéreas é uma das características que o indivíduo asmático desenvolve e diversos estudos associam o aumento da reatividade das vias aéreas com o refluxo gastroesofágico. Objetivo -Avaliar a reatividade à metacolina de traquéia exposta intraluminalmente ao suco gástrico de ratos submetidos a inflamação alérgica pulmonar. Métodos -Grupos de ratos foram sensibilizados e broncoprovocados com ovoalbumina. Após 24 horas, os animais foram sacrificados e a traquéia removida para preenchimento de seu lúmen com suco gástrico obtido de um animal doador. A seguir, os segmentos foram colocados em placas plásticas com RPMI-1640 e mantidos em estufa por 3 horas em condições ambientais adequadas. Após o tempo de incubação, os fragmentos foram montados em cubas de vidro para órgão isolado para registro isométrico de contração, através da construção de curvas concentração-efeito à metacolina. Resultados -Observou-se redução da resposta contrátil em traquéia exposta ao suco gástrico proveniente de ratos alérgicos. Os tratamentos farmacológicos com composto 48/80 e cromoglicato de sódio (bloqueio de mastócitos), L-NAME (inibidor de óxido nítrico, NO), capsaicina (depleção de neuropeptídios) e indometacina (inibidor da ciclooxigenase) corroboraram esta observação. Conclusões -Os resultados apontam para a existência de complexa interação entre a alergia pulmonar e o suco gástrico nas vias aéreas, com o envolvimento do sistema não-adrenérgico não-colinérgico, NO, prostanóides e mastócitos. À luz das evidências in vivo sobre a hiperreatividade das vias aéreas na associação asma e refluxo gastroesofágico, sugere-se que a reduzida resposta contrátil detectada in vitro pode representar um mecanismo protetor das vias aéreas. A despeito de sua presença, esta redução pode não ser observada in vivo devido à proeminência dos efeitos do sistema não-adrenérgico não-colinérgico excitatório. DESCRITORES -Refluxo gastroesofágico. Asma. Hiper-reatividade brônquica. Cloreto de metacolina. Ratos.
